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TECHNICAL NOTE
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Summary  The  gold  standard  technique  for  treating  clavicle  non-union  is  based  on  cortico-
cancellous bone  graft  harvested  from  the  iliac  crest  and  ﬁxed  with  a  plate.  In  cases  of  large
clavicular  defects,  this  surgical  procedure  becomes  ineffective  and  only  reconstruction  usingVascularized  ﬁbula
graft;
Reconstruction;
Cleidectomy
vascularized  bone  grafts  can  be  considered.  Nevertheless,  there  are  few  reports  in  the  literature
dealing with  this  procedure  and  surgical  technique  remains  unclear.  We  expose  here  a  technique
and results  of  free  vascularized  ﬁbular  graft  for  two  patients  with  large  clavicular  defects.
Levels of  evidence:  Level  IV,  technical  note.
© 2013  Elsevier  Masson  SAS.  All  rights  reserved.
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With  regard  to  the  high  union  rate  of  nearly  95%,  most
authors  do  not  recommend  surgical  treatment  for  fractures
of  the  middle  third  of  the  clavicle  [1,2].  However,  a  few
patients  evolve  to  symptomatic  non-union,  especially  when
displacement  is  marked  [3,4].  In  these  situations,  surgical
treatment,  consisting  in  autologous  bone  graft  associated
with  a  plate  ﬁxation,  becomes  necessary  [5,6].  Unfortu-
nately,  a  few  patients  never  heal  [7]  despite  repeated
autologous  bone  grafts,  resulting  in  signiﬁcant  bone  loss.
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http://dx.doi.org/10.1016/j.otsr.2013.06.004n  these  cases,  reconstructive  procedure  using  a  free  vascu-
arised  ﬁbular  graft  can  be  performed.  Nevertheless,  there
re  few  reports  in  the  literature  dealing  with  this  procedure
nd  surgical  technique  remains  unclear.  We  describe  here
echnical  points  and  results  for  2  patients.
echnique
he  patients  were  positioned  in  a  beach  chair  position  with
 cushion  placed  behind  the  scapula  and  the  ipsilateral  hip.ecipient  site  preparation
he  surgeon  stood  over  the  patient’s  shoulder.  A  straight
ncision  just  above  to  the  clavicle  was  made.  The  surgical
served.
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Figure  2  Internal  ﬁxation  of  the  ﬁbula  in  addition  with  can-
cellous graft  harvested  from  de  homolateral  iliac  crest.  The
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pproach  went  through  the  platysma  muscle  while  preser-
ing  the  branches  of  the  superﬁcial  cervical  plexus.  The
xternal  jugular  vein  was  identiﬁed  at  the  anterior  surface
f  the  sternocleidomastoid  muscle.  The  omohyoid  muscle
as  sacriﬁced  and  the  lateral  part  of  the  sternocleidomas-
oid  muscle  was  incised.  The  superﬁcial  transverse  cervical
rtery  was  identiﬁed  just  behind  this  muscle  in  front  of  the
nterior  scalene  muscle  under  microscopic  control.  It  was
repared  for  the  anastomosis  as  well  as  a  branch  of  the
xternal  jugular  system.  The  middle  third  of  the  clavicle
as  then  released  from  pectoralis  major  and  subclavius  mus-
les  insertions.  After  excision  of  ﬁbrous  soft  tissue  and  bony
equestrum,  the  clavicle  was  sawed  as  necessary  to  expose
 healthy  bleeding  bone  (Fig.  1).  The  intramedullary  canal
f  each  fragment  was  permeabilized  with  a  3.5  mm  drill.
ibula  harvesting
he  ﬁbula  was  harvested  from  the  ipsilateral  leg.  The  tech-
ique  is  already  well  described  in  the  literature  [8—10].
ositioning,  ﬁxation  and  revascularization
he  ﬁbula  ﬂap  was  osteotomized  and  sculptured  to  ﬁt  per-
ectly  the  gap  between  the  two  clavicular  stumps.  It  was
hen  ﬁxed  with  a  contoured  3.5  mm  dynamic  compression
ocking  plate  with  3  screws  in  each  part  of  the  clavicle.  The
bula  was  ﬁxed  with  only  2  monocortical  screws  in  order
o  not  damage  the  intramedullary  vascularization.  Termino-
erminal  anastomoses  were  made  using  a  9.0  nylon  wire
fter  perfusion  of  heparinized  serum  in  the  vessels.  Graft
xtremity  medullar  bleeding  was  checked  after  releasing
he  vascular  clamps.  Additional  cancellous  bone  harvested
rom  the  iliac  crest  or  the  proximal  tibial  metaphysis  ﬁlled
he  graft  junctions  (Fig.  2).  A  suction  drainage  was  placed
n  contact  with  bone  grafting.  The  subcutaneous  tissue  and
kin  were  ﬁnally  closed.
ostoperative  management
he  patients  were  kept  on  continuous  systemic  hepariniza-
ion  for  1  week  with  a  cephalin  level  ranging  from  2  to  3
imes  the  control  level.  An  immobilization  was  placed  on
he  affected  shoulder  for  2  months.  Forward  ﬂexion  and  lat-
ral  elevation  were  allowed  only  when  bone  union  was  noted
n  X-rays.
igure  1  Operative  view  after  excision  of  ﬁbrous  soft  tis-
ue and  bony  sequestrum.  The  subclavicular  artery  and  brachial
lexus  are  well  viewing.
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pnastomosis  was  sutured  above  the  graft.
perative cases
ase  1
even  years  after  a  left  midshaft  clavicle  fracture,  a  patient
f  53  years  presented  with  paraesthesia  of  his  left  medial
hree  ﬁngers.  In  his  medical  history,  he  reported  a  Hodgkin’s
isease  treated  with  radiotherapy  and  chemotherapy  at  the
ge  of  25.  Clinical  examination  retrieved  a  claw  hand  affect-
ng  the  middle,  ring  and  little  ﬁngers.  A  positive  Tinel  sign
n  the  supraclavicular  region  and  a  discriminative  sensory
oss  was  noted  on  these  ﬁngers.  Magnetic  resonance  imag-
ng  showed  narrowing  of  the  thoracic  outlet  related  to  a
alunion  of  the  clavicle.
The  patient  underwent  surgical  correction  of  this  defor-
ity  with  open  reduction  and  internal  ﬁxation.  One  year
ater,  there  was  no  neurological  impairment  but  the  patient
till  complained  of  shoulder  pain.  X-rays  showed  non-union
f  the  clavicle.  Consequently,  a  cancellous  bone  graft  har-
ested  from  the  iliac  crest  and  ﬁxation  with  a  locking  plate
as  performed.  This  one  was  replaced  a  month  and  a  half
ater  due  to  early  failure.  The  new  plate  was  removed  one
onth  later,  considering  the  appearance  of  signs  of  local
nfection.  During  this  procedure,  no  purulent  effusion  was
oted  and  a  new  ﬁxation  was  carried  out.
Eight  months  later,  the  skin  was  still  unhealed.  The  X-
ay  showed  no  bone  fusion.  During  the  sixth  operation  for
emoving  all  hardware  material,  the  presence  of  Staphylo-
occus  aureus  was  identiﬁed.  Eleven  months  later,  after  a
uitable  antibiotic  treatment,  there  were  no  sign  of  inﬂam-
ation.  The  patient  again  reported  numbness  in  the  ﬁngers
ithout  objective  signs.  The  Constant  score  was  48  points.
 CT  scan  showed  a  major  bone  loss  (Fig.  3).
The  gap  between  clavicular  stumps  was  measured  at
.5  cm  after  excision  of  bony  sequestra  during  the  free  vas-
ularized  ﬁbula  transfer.
Four  months  later,  follow-up  radiographs  demonstrated
omplete  bone  union  on  both  sides  of  the  graft  (Fig.  4).
At  20  months  follow-up,  he  had  neither  pain  nor  sign  of
nfection.  The  Constant  shoulder  score  was  96  points.  The
atient  returned  to  muscle-building  exercises.
Vascularized  ﬁbular  graft  for  clavicle  non-union  861
Figure  3  Large  bone  defect  of  the  left  clavicle  of  the  ﬁrst
patient.  The  residual  bone  is  sclerotic.  Medical  history  of  the
patient  retrieved  irradiation  and  long  history  of  infection.
Figure  5  Clavicular  non-union  of  the  second  patient.
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graft  is  harvested  in  45  min.  Moreover,  the  large  diameterFigure  4  Final  X-ray  of  the  ﬁrst  patient.
Case  2
A  48-year-old  woman  consulted  21  months  after  a  midshaft
fracture  of  the  right  clavicle.  An  open  reduction  and  inter-
nal  ﬁxation  with  a  dynamic  compression  plate  was  carried
out  three  months  later  because  of  a  painful  evolution  and
the  absence  of  fusion  on  X-rays.  Fixation  failure  occurred
two  months  later  and  required  a  new  plate  ﬁxation  associ-
ated  with  a  cortico-cancellous  graft.  After  another  ﬁxation
failure,  a  new  osteosynthesis  ﬁve  months  later  with  local
implantation  of  bone  morphogenetic  protein  7  (Osigraft©)
was  performed.  The  patient  consulted  for  chronic  pain  with-
out  union  on  X-rays  (Fig.  5).  Shoulder  evaluation  with  the
Constant  score  was  at  45  points.
At  the  time  of  surgery,  the  bone  loss  was  measured  at
5.5  cm.
Two  month  after  this  reconstructive  surgery,  there  was  a
delayed  union  at  the  junction  between  the  medial  part  of
the  clavicle  and  the  ﬁbula.  While  performing  an  additional
cancellous  graft,  it  was  observed  that  the  callus  bridged
the  fracture  on  the  superior  part  of  this  area.  At  12  months
follow-up,  the  patient  complaint  only  of  soft  tissue  conﬂict
o
w
tFigure  6  Final  X-ray  of  the  second  patient.
ith  the  plate.  The  Constant  shoulder  score  reached  to
0  points.  The  clavicle  was  fused  (Fig.  6).
iscussion
ince  its  introduction  by  Taylor  et  al.  [11],  the  microvas-
ular  free  ﬁbula  transfer  has  become  a  gold  standard  for
econstruction  of  larges  osseous  defects  [12,13].  Only  a  few
ases  have  been  described  for  clavicular  non-union.  In  1990,
he  ﬁrst  three  cases  were  reported  by  Monberger  et  al.  [14]
ith  excellent  results.  Erdmann  et  al.  [15]  reported  also
one  union  for  2  patients  with  chronic  osteitis  after  clavicle
racture  and  failure  of  several  surgeries.  Our  ﬁrst  patient
ad  also  bone  infection  in  addition  to  bone  radiation  dam-
ge.  In  this  context,  bone  fusion  is  rarely  achieved  with  a
imple  conventional  graft.  The  most  important  study  dealing
ith  this  reconstructive  procedure  was  reported  by  Krishnan
t  al.  [16]  who  presented  results  for  8  patients.  Unfortu-
ately,  neither  functional  outcome  nor  rate  of  bone  fusion
as  mentioned.
This  treatment  is  always  sufﬁcient  to  ﬁll  large  bone
efects  of  the  clavicle.  Indeed,  the  whole  ﬁbula  can  be
arvested  excepted  to  its  distal  and  proximal  ends.  At  this
tage,  the  key  point  is  to  take  away  the  bone  with  its  middle
art,  so,  the  entry  point  of  the  peroneal  artery  is  preserved.
n  both  cases,  we  added  cancellous  graft  to  ﬁll  the  junction
etween  the  ﬁbula  and  the  clavicle.  Although  the  ﬁbula  pro-
ides  the  quantity  of  bone  needed,  we  hypothesize  that  this
dditional  graft  will  decrease  the  risk  of  non-union.  We  did
ot  use  osteocutaneous  ﬂaps.  Even  if  this  technique  allows
onitoring  of  the  graft,  it  complicates  the  harvesting  pro-
ess  and  increases  it  length.  In  our  experience,  a  free  ﬁbulaf  the  vessels  allows  a  safe  anatomose.  In  the  same  way,
e  did  not  use  osteomuscular  ﬂap  in  cases  of  infection.  In
hese  cases,  we  preferred  to  control  the  infection  before
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erforming  a  classic  free  ﬁbular  ﬂap.  If  antibiotic  treat-
ent  is  not  effective,  we  prefer  to  carry  out  a  cleidectomy.
inally,  we  allays  used  the  superﬁcial  transverse  cervical
rtery  and  a  branch  of  the  external  jugular  system  for  anas-
omosis.  It  is  also  possible  to  connect  the  peroneal  vessels
ith  the  acromiothoracic  artery  and  the  cephalic  vein  [17].
he  choice  must  be  made  during  the  surgical  procedure.  It
s  based  on  the  anatomical  features  of  the  patient  and  on
he  location  of  the  entry  point  of  the  peroneal  artery  on  the
bula.
Other  free  vascularized  grafts  could  be  used  for  recon-
truction  of  these  large  bone  defects.  Fuch  et  al.  [18]
ecommend  free  vascularized  corticoperiosteal  bone  graft
arvested  from  the  medial  femoral  condyle.  They  report
esults  on  one  patient  with  osteitis  of  the  clavicle  and
wo  patients  with  non-union  after  fracture  of  an  osteora-
ionecrosis  bone.  All  of  them  recovered  normal  shoulder
unction.  We  do  not  have  experience  of  this  procedure.  It
eems  that  indications  are  probably  similar.  However,  we
hink  that  it  could  be  difﬁcult  to  ﬁll  large  defects  as  encoun-
ered  in  both  of  our  patients.  We  also  think  that  the  ﬁbula
as  a  closer  anatomical  shape  and  structure  to  clavicle  com-
ared  to  a  femoral  condyle.
The  others  clavicular  reconstruction  possibilities  are  the
nduced  membrane  technique  [19]  or  a  pedicled  ﬂap  based
n  the  thoracodorsal  system  with  a  rib  [20].
A  radical  alternative  procedure  is  a  cleidectomy.  Cur-
ently,  it  is  mainly  used  for  tumoral  diseases  [21,22]  as  well
s  for  the  thoracic  outlet  syndrome  [23].  Concerning  clavic-
lar  non-union,  this  procedure  has  not  yet  shown  its  value.
he  clavicle  has  a  stabilization  function  for  the  scapula
hrough  the  coracoclavicular  ligaments  and  represents  the
nly  rigid  link  to  axial  skeleton  [24].  Functional  implications
f  this  surgery  are  obvious  for  Rockwood  and  Wirth  who  rec-
mmend  preserving  the  clavicle  if  possible  [25].  Wessel  and
chaap  [26]  report  results  for  6  patients  who  underwent  clei-
ectomy.  The  three  post-traumatic  cases  had  poor  results
n  Constant  shoulder  score  because  of  persistent  pain.  For
ther  authors,  the  lack  of  clavicle  does  not  impair  the  proper
unctioning  of  the  shoulder  [21,22,27,28].  A  mean  Constant
core  of  95  was  also  reported  by  Oheim  et  al.  [28]  for  5
ases  of  osteitis.  Much  in  the  same  way,  Krishnan  et  al.  [29]
mphasized  the  good  functional  outcomes  in  a  group  of  six
atients.  However,  they  also  pointed  out  that  this  procedure
s  associated  with  a  high  complication  rate.
To  our  knowledge,  nobody  has  ever  compared  the  results
f  cleidectomy  and  a  vascularized  bone  graft  for  large  clav-
cular  defects.  We  preferred  a  reconstructive  approach  to
void  destabilizing  the  shoulder.  We  also  believe  that  the
osmetic  result  is  improved  after  completing  this  surgical
rocedure.
isclosure of interest
he  authors  declare  that  they  have  no  conﬂicts  of  interest
oncerning  this  article.
eferences[1] Nowak J, Holgersson M, Larsson S. Sequelae from clavicular
fractures are common: a prospective study of 222 patients.
Acta Orthop 2005;76:496—502.
[H.  Lenoir  et  al.
[2] Robinson CM. Fractures of the clavicle in the adult. Epi-
demiology and classiﬁcation. J Bone Joint Surg Br 1998;80:
476—84.
[3] Hill JM, McGuire MH, Crosby LA. Closed treatment of displaced
middle-third fractures of the clavicle gives poor results. J Bone
Joint Surg Br 1997;79:537—9.
[4] Jupiter JB, Leffert RD. Non-union of the clavicle. Associated
complications and surgical management. J Bone Joint Surg Am
1987;69:753—60.
[5] Bradbury N, Hutchinson J, Hahn D, Colton CL. Clavicular
nonunion 31/32 healed after plate ﬁxation and bone grafting.
Acta Orthop Scand 1996;67:367—70.
[6] Marti RK, Nolte PA, Kerkhoffs GM, Besselaar PP, Schaap GR.
Operative treatment of mid-shaft clavicular non-union. Int
Orthop 2003;27:131—5.
[7] Der Tavitian J, Davison JN, Dias JJ. Clavicular frac-
ture non-union surgical outcome and complications. Injury
2002;33:135—43.
[8] Gilbert A. Vascularized transfer of the ﬁbular shaft. Int J Micro-
surg 1979;1:100—9.
[9] Le Nen D, Dubrana F, Hu W, Prud’homme M, Lefèvre C.
Fibula vascularisée. Techniques, indications en orthopédie
et traumatologie. In: Encycl Méd Chir. Techniques
chirurgicales—Orthopédie-Traumatologie. Paris: Éditions
Scientiﬁques et Médicales Elsevier SAS; 2002. p. 10, 44-040.
10] Le Nen D, Genestet M, Dubrana F, Stindel E, Lacroix J, Lefèvre
C. Vascularized ﬁbular transplant for avascular necrosis of the
femoral head: 16 cases. Rev Chir Orthop Reparatrice Appar Mot
2004;90:722—31.
11] Taylor GI, Miller GD, Ham FJ. The free vascularized bone graft:
a clinical extension of micro-vascular techniques. Plast Recon-
str Surg 1975;55:533—44.
12] Heitmann C, Erdmann D, Levin LS. Treatment of segmental
defects of the humerus with an osteoseptocutaneous ﬁbular
transplant. J Bone Joint Surg Am 2002;84:2216—23.
13] Nonnenmacher J, Bahm J, Moui Y. The free vascularized ﬁbular
transfer as a deﬁnitive treatment in femoral septic non-unions.
Microsurgery 1995;16:383—7.
14] Momberger NG, Smith J, Coleman DA. Vascularized ﬁbular
grafts for salvage reconstruction of clavicle nonunion. J Shoul-
der Elbow Surg 2000;9:389—94.
15] Erdmann D, Pu CM, Levin LS. Nonunion of the clavicle: a rare
indication for vascularized free ﬁbula transfer. Plast Reconstr
Surg 2004;114:1859—63.
16] Krishnan KG, Mucha D, Gupta R, Schackert G. Brachial
plexus compression caused by recurrent clavicular nonunion
and space-occupying pseudoarthrosis: deﬁnitive reconstruc-
tion using free vascularized bone ﬂap — a series of eight cases.
Neurosurgery 2008;62(5 Suppl. 2):461—9.
17] Abarca J, Valle P, Valenti P. Clavicular reconstruction with free
ﬁbula ﬂap: a report of four cases and review of the literature.
Injury 2013;44:283—7.
18] Fuchs B, Steinmann SP, Bishop AT. Free vascularized corticope-
riosteal bone graft for the treatment of persistent nonunion of
the clavicle. J Shoulder Elbow Surg 2005;14:264—8.
19] Masquelet AC, Fitoussi T, Begue T, Muller GP. Reconstruction of
the long bones by the induced membrane and spongy autograft.
Ann Chir Plast Esthet 2000;45:346—53.
20] Devaraj VS, Kay SP, Batchelor AG. Vascularised reconstruction
of the clavicle. Br J Plast Surg 1990;43:625—7.
21] Kapoor S, Tiwari A, Kapoor S. Primary tumours and tumorous
lesions of clavicle. Int Orthop 2008;32:829—34.
22] Li J, Wang Z, Fu J, Shi L, Pel G, Guo Z. Surgical treat-
ment of clavicular malignancies. J Shoulder Elbow Surg
2011;20:295—300.23] Sanders RJ, Cooper MA. Total claviculectomy for neurovas-
cular compression in the thoracic outlet. J Am Coll Surg
1994;179:253—4.
[Vascularized  ﬁbular  graft  for  clavicle  non-union  
[24] Abbott LC, Lucas DB. The function of the clavicle; its surgical
signiﬁcance. Ann Surg 1954;140:583—99.
[25] Rockwood CA, Wirth MA. Don’t throw away the clavicle. Orthop
Trans 1992;16:763.[26] Wessel RN, Schaap GR. Outcome of total claviculectomy in six
cases. J Shoulder Elbow Surg 2007;16:312—5.
[27] Inman VT, Saunders JB. Observations on the function of the
clavicle. Calif Med 1945;65:158—66.
[863
28] Oheim R, Schulz AP, Schoop R, Grimme CH, Gille J, Gerlach UJ.
Medium-term results after total clavicle resection in cases of
osteitis: a consecutive case series of ﬁve patients. Int Orthop
2012;36:775—81.29] Krishnan SG, Schiffern SC, Pennington SD, Rimlawi M, Burkhead
Jr WZ. Functional outcomes after total claviculectomy as a
salvage procedure. A series of six cases. J Bone Joint Surg Am
2007;89:1215—9.
